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[57] ABSTRACI‘ 
A word line driver in a memory block circuit provides 
reduced propagation delay for a block control signal 
and higher output drive to the memory cells in a se 
lected row. The block control signal passes through an 
isolation transistor in response to a ?rst state of a maxi 
control signal. The block control signal is blocked by 
the isolation transistor in responsive to a second state of 
the maxi control signal which reduces capacitive load 
ing on the block control signal and decreases its propa 
gation delay. The combination of the block control 
signal and the maxi control signal enables a bipolar 
transistor to generate a high output drive row select 
signal to activate the memory cells in the selected row. 

16 Claims, 3 Drawing Sheets 
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BICMOS MEMORY WORD LINE DRIVER 

BACKGROUND OF THE INVENTION 

This invention relates in general to word line drivers 
and, more particularly, to a BICMOS memory word 
line driver. 
Memory circuits are typically arranged in a row/ 

column alignment where the memory cells are divided 
into logical blocks, say sixty-four bits wide and eighty 
bits deep. The memory circuit overall may contain 
many memory blocks. Each memory cell (one bit) is 
addressable by the combination of a word line and a 
column line which selects the x-coordinate and y-coor 
dinate of a single memory cell. There are sixty-four 
word line drivers for the 64X 80 bit memory block, one 
for each row of eighty memory cells. 
A conventional word line driver comprises p-channel 

and n-channel MOS transistors arranged as an inverter 
with common gates. A BLOCKcontrol signal activates 
sixty-four word line drivers associated with a particular 
memory block. Thus, the BLOCKcontrol signal is con 
tinuously loaded by the gate capacitance of sixty-four 
inverting transistor pairs. A plurality of MAXI control 
signals enable respective word line drivers across all 
memory blocks. For example, one MAXI control signal 
may enable the ?rst word line driver in every memory 
block. The combination of the BLOCKcontrol signal 
and one MAXI control signal selects one word line 
driver and, correspondingly, a group of eighty memory 
cells. BIT and ?Tdata signals then write to and read 
from the desired memory cell. 
A principal problem with the prior art word line 

drivers is the unbalanced loading between the BLOCK 
control signals and the MAXI control signals. The 
BLOCKcontrol signal drives sixty-four word line driv 
ers (gate capacitance of at least 128 transistors), while 
each MAXI control signal may drive only four memory 
blocks (gate capacitance of eight transistors). The prop 
agation delay for the BLOCKcontrol signal is much 
longer than the propagation delay of the MAXI control 
signals. The operating speed of the memory circuit is 
thus limited by the slower propagation rate of the 
BLOCKcontrol signal. 
Another drawback with prior art word line drivers is 

the strict MOS transistor implementation. The output 
drive capacity of MOS transistors is much less than 
other technologies such as bipolar, given similar geome 
tries. 

Hence, what is needed is an improved word line 
driver having reduced propagation delay for the 
BLOCKcontrol signal while providing higher output 
drive to enable the memory cells. 

SUMMARY OF THE INVENTION 

Brie?y stated, the invention comprises a memory 
circuit with a word line driver responsive to ?rst and 
second control signals for activating a plurality of mem 
ory cells. The word line driver comprises a ?rst circuit 
responsive to a ?rst state of the ?rst control signal for 
passing the second control signal to an output having a 
capacitive load. The ?rst circuit is also responsive to a 
second state of the ?rst control signal for isolating the 
second control signal from the output of the ?rst circuit 
which reduces capacitive loading on the second control 
signal. A second circuit has an input coupled to the 
output of the ?rst circuit for generating a third control 
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2 
signal to activate the plurality of memory cells when the 
second control signal passes through the ?rst circuit. 

In another aspect, the present invention is a method 
of activating a plurality of memory cells comprising the 
steps of passing a ?rst control signal through an isola 
tion transistor in response to a ?rst state of a second 
control signal, while isolating the ?rst control signal 
with the isolation transistor in responsive to a second 
state of the second control signal which reduces capaci~ 
tive loading on the ?rst control signal. A third control 
signal is generated to activate the plurality of memory 
cells when the ?rst control signal is passed through the 
isolation transistor. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a simpli?ed block diagram illustrating a 
memory block arrangement; 
FIG. 2 is a schematic diagram of a word line driver of 

FIG. 1; and 
FIG. 3 is a schematic diagram of a memory cell of 

FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A memory circuit 10 is shown in FIG. 1 arranged in 
a divided block architecture including memory block 12 
and memory block 14. Memory circuit 10 typically 
contains many more memory blocks like 12 and 14. In 
one example, memory blocks 12 and 14 may each con 
tain sixty-four rows of eighty memory cells per row, 
wherein each memory cell stores one bit of information. 
Word line driver 16 is responsive to a logic one 

MAXIO control signal and a logic zero BLOCKO con 
trol signal for generating control signals MINI LEFT 
and MINI RIGHT to enable memory cell row 18. The 
MINI LEFT control signal is applied to a left-half of 
memory cell row 18, and the MINI RIGHT control 
signal is applied to a right-half of memory cell row 18, 
each half containing forty memory cells. Dividing 
memory cell row 18 in half and generating MINI LEFT 
and MINI RIGHT control signals reduces the propaga 
tion delay for each half. 
A second row of eighty memory cells is activated by 

word line driver 20 for enabling memory cell row 24 in 
response to a logic one MAXIl control signal and a 
logic zero BLOCKO control signal. Memory cell row 
24 is also divided into a left-half and a right-half of forty 
memory cells each. The sixty-fourth row of eighty 
memory cells is activated by word line driver 26 for 
enabling memory cell row 28 in response to control 
signals MAXI63 and BLOCKO. Memory block 12 re 
ceives eighty pairs of data lines BIT and mrespec 
tively coupled to memory cell rows 18, 24 and 28 for 
writing to and reading data from the individual memory 
cells. 
Memory block 14 is constructed in a similar manner 

as described for memory block 12 including sixty-four 
word line drivers 30, 32 through 34 responsive to a logic 
zero BIIOCKl control signal for selecting memory 
block 14. Word line drivers 30-34 also receive control 
signals MAXIO, MAXIl through MAXI63, respec 
tively, for selecting one of memory cell rows 36, 38 
through 40. 
Turning to FIG. 2, there is shown further detail of 

word line driver 16 including transistor 42 having a 
drain coupled for receiving the BLOCKO control signal 
and a gate coupled for receiving the MAXIO control 
signal. Transistor 44 also receives the MAXIO control 



5,241,511 
3 

signal at its gate. The source of transistor 44 is coupled 
to power supply conductor 46 operating at a positive 
potential such as V DD, and the drain of transistor 44 is 
coupled to the source of transistor 42 at node 48. Tran 
sistor 50 includes a source coupled to power supply 
conductor 46, a drain coupled to node 48, and a gate 
coupled to power supply conductor 54 operating at 
ground potential. 
The signal at node 48 drives ?rst and second driver 

circuits for generating the MINI LEFT and MINI 
RIGHT control signals to memory cell row 18. The 
drive circuit for the MINI RIGHT control signal in 
cludes transistors 56 and 58 con?gured as an inverting 
buffer with the sources of transistors 56 and 58 coupled 
to power supply conductors 46 and 54, respectively, 
and the drain of transistor 56 coupled to the drain of 
transistor 58, The common gates of transistors 56 and 58 
are also coupled to the gates of transistors 60 and 62. 
The source of transistor 60 is coupled to power supply 
conductor 46, and the source of transistor 62 is coupled 
to power supply conductor 54. 

Bipolar transistor 66 includes a collector coupled to 
power supply conductor 46, a base coupled to the inter 
connection of the drains of transistors 56 and 58, and an 
emitter coupled to node 68 at the common drains of 
transistors 60-62 for providing the MINI RIGHT con 
trol signal to memory cell 18. 
The drive circuit for the MINI LEFT control signal 

includes transistors 70 and 72 also con?gured as an 
inverting buffer with the sources of transistors 70 and 72 
coupled to power supply conductors 46 and 54, respec 
tively, and the drain of transistor 70 coupled to the drain 
of transistor 72. The common gates of transistors 70 and 
72 are coupled to node 48 and to the gates of transistors 
76 and 78. The source of transistor 76 is coupled to 
power supply conductor 46, and the source of transistor 
78 is coupled to power supply conductor 54. 

Bipolar transistor 80 includes a collector coupled to 
power supply conductor 46, a base coupled to the inter 
connection of the drains of transistors 70 and 72, and an 
emitter coupled to node 82 at the common drains of 
transistors 76-78 for providing the MINI LEFT control 
signal to memory cell 18. Word line drivers 20, 26 and 
30-34 follow a similar construction as described for 
word line driver 16. 
The operation of word line driver 16 proceeds as 

follows. Memory cell row 18 is selected when the 
MAXIO control signal is logic one and the BLOCKO 
control signal is logic zero. Transistor 42 conducts with 
the MAXIO control signal at logic one, thereby passing 
the logic zero BLOCKO control signal to node 48. The 
logic zero at node 48 is inverted by transistors 56-58 
and 70-72 for providing a high signal at the bases of 
bipolar transistors 66 and 80 to pull the MINI RIGHT 
and MINI LEFT control signals at nodes 68 and 82 to 
logic one and enable memory cell row 18. The use of 
bipolar transistors 66 and 80 in word line driver 16 
increases the output drive for the MINI RIGHT and 
MINI LEFT control signals. Transistors 60 and 76 
serve to pull the potential at nodes 68 and 82 closer to 
power supply conductor 46. 

Alternately, a logic one BLOCKO control signal at 
node 48 produces a low signal at the bases of transistors 
66 and 80 and allows transistors 62 and 78 to draw nodes 
68 and 82 to the logic zero at power supply conductor 
54. Transistor 50 is a small device and serves to pull the 
logic one at node 48 closer to power supply conductor 
46. 

4 
When the MAXIO control signal is logic zero, transis 

tor 42 is turned off and the gate capacitances of transis 
tors 56-62 and 70-78 are isolated from the BLOCKO 
control signal. Transistors 44 and 50 pull node 48 to 
logic one when transistor 42 is off, leaving the MINI 

. RIGHT and MINI LEFT control signals at false logic 
zero. . 

Thus, one principal advantage of the present inven 
tion is the ability to isolate the BLOCKO control signal 
from the gate capacitances of transistors 56-62 and 
70-78 when word line driver 16 is de-selected and tran 

' sistor 42 is off. The decrease in gate capacitance loading 
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reduces the propagation delay for the BLOCKO and 
BLOCKI control signals and increases the operating 
speed of memory circuit 10. Furthermore, bipolar tran 
sistors 66 and 80 mixed with MOS transistors provides 
increased output drive for control signals MINI 
RIGHT and MINI LEFI‘. 
An example of memory cell row 18 is shown in FIG. 

3 with memory cell 90 including transistor 92 having a 
gate coupled for receiving the MINI RIGHT control 
signal from word line driver 16, and a drain coupled for 
receiving and sending one BIT data signal. The source 
of transistor 92 is coupled to the common drains of 
transistors 94 and 96, while the sources of transistors 94 
and 96 are coupled to power supply conductors 46 and 
54, respectively. The common gates of transistors 94 
and 96 are coupled to the drains of transistors 98 and 
100, the latter of which include common gates coupled 
to the drains of transistors 94 and 96. Transistor 102 
includes a gate coupled for receiving the MINI RIGHT 
control signal, a source coupled to the drains of transis 
tors 98-F?and a drain coupled for receiving and send 
ing one BITdata signal. 
A logic one MINI RIGHT control signal enables 

transistors 92 and 102 to latch the BIT and mdata 
signals at the drains of transistors 98-100 and 94-96, 
respectively. 
Hence, what has been provided is a novel word line 

driver for reducing propagation delay for the BLOCK 
control signal while providing high output drive to the 
memory cells via bipolar transistors. 

I claim: 
1. In a memory circuit a word line driver responsive 

to ?rst and second control signals for activating a plu 
rality of memory cells, said word line driver compris 
ing: 

?rst means responsive to a ?rst state of the ?rst con 
trol signal for passing the second control signal to 
an output having a capacitive load, said ?rst means 
being responsive to a second state of the ?rst con 
trol signal for isolating the second control signal 
from said output of said ?rst means which reduces 
capacitive loading on the second control signal, 
said ?rst means including, 
(a) a ?rst transistor having a drain, a gate and a 

source, said drain being coupled for receiving 
the second control signal, said gate being cou 
pled for receiving the ?rst control signal, said 
source being coupled to said output of said ?rst 
means at a ?rst node, and 

(b) a second transistor having a drain, a gate and a 
source, said drain being coupled to said ?rst 
node, said gate being coupled for receiving the 
?rst control signal, said source being coupled to 
a ?rst source of operating potential; and 

second means having an input coupled to said output 
of said ?rst means for generating a third control 



5,241,511 
5 

signal to activate the plurality of memory cells 
when the second control signal passes through said 
?rst means. 

2. In a memory circuit a word line driver responsive 
to ?rst and second control signals for activating a plu 
rality of memory cells, said word line driver compris 
ing: 

?rst means responsive to a ?rst state of the ?rst con 
trol signal for passing the second control signal to 
an output having a capacitive load, said ?rst means 
being responsive to a second state of the ?rst con 
trol signal for isolating the second control signal 
from said output of said ?rst means which reduces 
capacitive loading on the second control signal, 
said ?rst means including, 
(a) a ?rst transistor having a drain, a gate and a 

source, said drain being coupled for receiving 
the second control signal, said gate being cou 
pled for receiving the ?rst control signal, said 
source being coupled to said output of said ?rst 
means at a ?rst node, 

(b) a second transistor having a drain, a gate and a 
source, said drain being coupled to said ?rst 
node, said gate being coupled for receiving the 
?rst control signal, said source being coupled to 
a ?rst source of operating potential, and 

(c) a third transistor having a drain, a gate and a 
source, said drain being coupled to said ?rst 
node, said gate being coupled to a second source 
of operating potential, said source being coupled 
to said ?rst source of operating potential; and 

second means having an input coupled to said output 
of said ?rst means for generating a third control 
signal to activate the plurality of memory cells 
when the second control signal passes through said 
?rst means. 

3. The word line driver of claim 2 wherein said sec 
ond means includes: 

a ?rst inverter having an input coupled to said ?rst 
node and having an output; 

a fourth transistor having a base, an emitter and a 
collector, said base being coupled to said output of 
said ?rst inverter, said collector being coupled to 
said ?rst source of operating potential, said emitter 
providing said third control signal to active the 
plurality of memory cells; 

a ?fth transistor having a drain, a gate and a source, 
said gate being coupled to said ?rst node, said 
source being coupled to said ?rst source of operat 
ing potential, said drain being coupled to said emit 
ter of said fourth transistor; and 

a sixth transistor having a drain, a gate and a source, 
said drain being coupled to said emitter of said 
fourth transistor, said gate being coupled to said 
?rst node, said source being coupled to said second 
source of operating potential. 

4. The word line driver of claim 3 wherein said fourth 
transistor is a bipolar transistor for providing output 
drive for said third control signal. 

5. The word line driver of claim 4 wherein said ?rst 
inverter includes: 

a seventh transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
said source being coupled to said ?rst source of 
operating potential, said drain being coupled to 
said output of said ?rst inverter; and 

an eighth transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
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6 
said drain being coupled to said output of said ?rst 
inverter, said source being coupled to said second 
source of operating potential. 

6. The word line driver of claim 5 wherein said sec 
ond means further includes: 

a second inverter having an input coupled to said ?rst 
node and having an output; 

a ninth transistor having a base, an emitter and a 
collector, said base being coupled to said output of 
said second inverter, said collector being coupled 
to said ?rst source of operating potential, said emit 
ter providing a fourth control signal to active a 
second plurality of memory cells; 

a tenth transistor having a drain, a gate and a source, 
said gate being coupled to said ?rst node, said 
source being coupled to said ?rst source of operat 
ing potential, said drain being coupled to said emit 
ter of said ninth transistor; and 

an eleventh transistor having a drain, a gate and a 
source, said drain being coupled to said emitter of 
said ninth transistor, said gate being coupled to said 
?rst node, said source being coupled to said second 
source of operating potential. 

7. The word line driver of claim 6 wherein said sec 
ond inverter includes: 

a twelfth transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
said source being coupled to said ?rst source of 
operating potential, said drain being coupled to 
said output of said second inverter; and 

a thirteenth transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
said drain being coupled to said output of said 
second inverter, said source being coupled to said 
second source of operating potential. 

8. A word line driver responsive to ?rst and second 
control signals for activating a plurality of memory 
cells, comprising: 

?rst means responsive to a ?rst state of the ?rst con 
trol signal for passing the second control signal to 
an output, said ?rst means being responsive to a 
second state of the ?rst control signal for isolating 
the second control signal from said output of said 
?rst means which reduces capacitive loading on 
the second control signal; 

a ?rst inverter having an input coupled to a ?rst node 
at said output of said ?rst means and having an 
output; 

a ?rst transistor having a base, an emitter and a col 
lector, said base being coupled to said output of 
said ?rst inverter, said collector being coupled to a 
?rst source of operating potential, said emitter 
providing a third control signal to active the plural 
ity of memory cells; and 
second transistor having a drain, a gate and a 
source, said drain being coupled to said emitter of 
said ?rst transistor, said gate being coupled to said 
?rst node, said source being coupled to a second 
source of operating potential. 

9. The word line driver‘of claim 8 further including a 
third transistor having a drain, a gate and a source, said 
gate being coupled to said ?rst node, said source being 
coupled to said ?rst source of operating potential, said 
drain being coupled to said emitter of said ?rst transis 
tor. 

10. The word line driver of claim 9 wherein said ?rst 
transistor is a bipolar transistor for providing output 
drive for said third control signal. 
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11. The word line driver of claim 10 wherein said ?rst 
means includes: 

a fourth transistor having a drain, a gate and a source, 
said drain being coupled for receiving the second 
control signal, said gate being coupled for receiv 
ing the ?rst control signal, said source being cou 
pled to said ?rst node; and 

a ?fth transistor having a drain, a gate and a source, 
said drain being coupled to said ?rst node, said gate 10 
being coupled for receiving the ?rst control signal, 
said source being coupled to said ?rst source of 
operating potential. 

12. The word line driver of claim 11 wherein said ?rst 
means further includes a sixth transistor having a drain, 15 
a gate and a source, said drain being coupled to said ?rst 
node, said gate being coupled to said second source of 
operating potential, said source being coupled to said 
?rst source of operating potential. 

13. The word line driver of claim 12 wherein said ?rst 
inverter includes: 

a seventh transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
said source being coupled to said ?rst source of 25 
operating potential, said drain being coupled to 
said output of said ?rst inverter; and 

an eighth transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
said drain being coupled to said output of said ?rst 3'0 
inverter, said source being coupled to said second 
source of operating potential. 

14. The word line driver of claim 13 further includ 

ing: 35 
a second inverter having an input coupled to said ?rst 
node and having an output; 

a ninth transistor having a base, an emitter and a 
collector, said base being coupled to said output of 
said second inverter, said collector being coupled 40 
to said ?rst source of operating potential, said emit 
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8 
ter providing a fourth control signal to active a 
second plurality of memory cells; 

a tenth transistor having a drain, a gate and a source, 
said gate being coupled to said ?rst node, said 
source being coupled to said ?rst source of operat 
ing potential, said drain being coupled to said emit 
ter of said ninth transistor; and 

an eleventh transistor having a drain, a gate and a 
source, said drain being coupled to said emitter of 
said ninth transistor, said gate being coupled to said 
?rst node, said source being coupled to said second 
source of operating potential. 

15. The word line driver of claim 14 wherein said 
second inverter includes: 

a twelfth transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
said source being coupled to said ?rst source of 
operating potential, said drain being coupled to 
said output of said second inverter; and 

a thirteenth transistor having a drain, a gate and a 
source, said gate being coupled to said ?rst node, 
said drain being coupled to said output of said 
second inverter, said source being coupled to said 
second source of operating potential. 

16. A method of activating a plurality of memory 
cells, comprising the steps of: 

passing a ?rst control signal through an isolation 
transistor in response to a ?rst state of a second 
control signal; 

isolating said ?rst control signal with said isolation 
transistor in responsive to a second state of said 
second control signal which reduces capacitive 
loading on said ?rst control signal; 

generating a third control signal to activate the plu 
rality of memory cells when said ?rst control signal 
is passed through said isolation transistor; 

inverting said ?rst control signal; and 
activating a bipolar transistor with said inverted ?rst 

control signal for generating said third control 
signal. 

* * * it i 


